Introduction: Few studies have focused on therapeutic as well as side effects of tranexamic acid (TXA) as a topical drug compared to other topical drugs in treating melasma. The present study aimed to assess and compare the beneficial therapeutic effects and also side effects of local TXA in comparison with hydroquinone in treating women with melasma. Methods: This randomized double-blinded clinical trial was performed on 60 women who suffered from melasma and were referred to the skin disorders clinic at the Rasoul-e-Akram hospital in Tehran in 2015. The patients were then randomly assigned via computerized randomization to two groups: group A received TXA%5 (topically twice a day for 12 weeks in the location of the melasma) and group B (received hydroquinone 2% with the same treatment order). Prior to intervention and at 12 weeks after intervention, the intensity and extension of melasma were assessed based on
INTRODUCTION
Melasma is a global melanogenesis dysfunction derived from hypermelanosis of the skin due to Enhanced content To view enhanced content for this article go to www.medengine.com/Redeem/ 23E8F06014644CF7. various underlying risk factors, including sun exposure, hormonal changes, pregnancy, genetic predisposition, combined oral contraceptives, use of cosmetics and photosensitizing drugs, hepatic disorders, and inflammatory processes [1] [2] [3] . Epidemiologically, this condition is observed in all geographical and ethnical subgroups, but it occurs with a higher tendency in more pigmented phenotypes, such as East Asians, Middle Easterners, and Mediterranean Africans [4] . The overall incidence of melasma remains unclear, but it presents an upward trend because of increased sun exposure time during leisure and daily activities, potential genetic polymorphisms due to industrialized mutagens, increased post-inflammatory hyperpigmentation, and some sex-related hormonal disturbances [5, 6] . Pathophysiologically, melasma is sourced from the tripartite intersection among genetic susceptibility, environmental factors, and hormonal changes. This interaction can result in melanogenic hyperactivity and the development of epidermal hyperpigmentation [7] . Diagnostic protocols and therapeutic approaches are based on determining the intensity and extension of hyperpigmentation along with prevention of this process. Both palliative and invasive methods have been conducted to treat melasma and prevent its development. Among noninvasive methods, the use of topical sunscreens and drugs is superior to the use of other agents [7] in controlling the intensity and extension of hyperpigmentation and for prevention of this process. Sunscreens can prevent hyperpigmentation and relapse of melasma. Among topical and systemic drugs, hydroquinone is extensively used because of its potential effects on inhibiting the conversion of dopa to melanin by blocking tyrosinase action and suppressing the formation, melanization, and degradation of melanosomes [8, 9] .
Among other therapies, the use of tranexamic acid (TXA) has been recently recommended due to its effects of decreasing melanogenesis in epidermal melanocytes and providing rapid and sustained lightening [10, 11] . However, few studies have focused on the therapeutic and side effects of TXA as a topical drug compared with other topical drugs.
This study aimed to assess and compare the beneficial therapeutic effects as well as the side effects of local TXA in comparison with hydroquinone in treating women with melasma.
METHODS
This randomized double-blinded clinical trial was performed on 60 women who suffered from melasma and were referred to the skin disorder clinic at the Rasoul-e-Akram Hospital in Tehran in 2015. Women aged lower than 18 years, from west Asia, and those with a recent history of chronic systemic disorders, history of using anti-pigmentation drugs, or history of treating melasma within 6 months prior to the study were all excluded. This study was approved by the Ethics Committee of Iran University of Medical Sciences. Informed consent was obtained from the patients. Human rights were respected in accordance with the Helsinki Declaration.
The patients were interviewed to collect demographic and clinical data. The women were also completely examined to assess evidence of skin and physical disorders. The patients were randomly assigned via computerized randomization into two groups: group A (received TXA5% topically twice a day for 12 weeks in the location of the melasma) and group B (received hydroquinone 2% with the same treatment order). Neither patient nor physician were aware of the nature of the ordered drugs. Both groups used one type of sunscreen with SPF30. Before intervention and at 12 weeks after intervention, the intensity and extension of melasma were assessed based on the Melasma Area and Severity Index (MASI) scoring method. The details of this system have been previously described. In brief, the MASI score was calculated according to the following formula: MASI = extension of darkening 9 (intensity of darkening or degree of pigmentation ? homogeneity of darkening).
The extension of darkening was scored on the basis of the area of melasma involvement from 0 to 6, in which 0 = no involvement, 1 = less than 10% involvement, 2 = 10-29% involvement, 3 = 30-49% involvement, 4 = 50-69% involvement, 5 = 70-89% involvement, or 6 = 90-100% involvement. The degree of pigmentation and homogeneity (color uniformity) was graded from 0 to 4 as follows: 0 = absent, 1 = slight, 2 = mild, 3 = marked, or 4 = maximum. MASI included 30% of involvement on the forehead, 30% on both left and right cheeks and 10% on the chin. Changes in the MASI score after treatment protocols and the level of patient satisfaction were assessed and rated as poor, intermediate, and high. Using the patients' comments, the apparent improvement in melasma after treatment was low, medium, or very good. For statistical analysis, results were presented as the mean ± standard deviation for quantitative variables and summarized by absolute frequencies and percentages for categorical variables. Data normality was analyzed using the Kolmogorov-Smirnoff test. Categorical variables were compared using the Chi square test or Fisher's exact test when more than 20% of cells with an expected count of less than 5 were observed. Quantitative variables were also compared with t tests or Mann-Whitney U tests. The paired t test or Wilcoxon test was applied to assess changes in the MASI score after intervention compared with baseline. Statistical software SPSS v.16.0 for Windows (SPSS; Chicago, IL, USA) was used for statistical analysis. Statistical significance was set at p values of 0.05 or less.
RESULTS
Thirty patients received TXA as group A and 30 received hydroquinone as group B. The two groups were matched for mean age (38.10 ± 6.27 vs. 39.97 ± 7.86 years, p = 0.314), history of receiving systemic drugs (especially thyroid drugs) (30.0% vs. 13.3%, p = 0.117), history of systemic disorders (13.3% vs. 6.7%, p = 0.671), and family history of melasma (50.0% vs. 46.7%, p = 0.796). As shown in Table 1 , with respect to the intensity and extension of disease in the two groups, the mean percentage of forehead involvement at baseline was higher in group A than in group B, whereas the areas of involvement in other locations, including left and right cheeks and chin, were similar between the groups at baseline. Similarly, no difference was found in the mean score of pigmentation and homogeneity of melasma between groups A and B before the intervention ( Table 1) . The mean MASI percentages at baseline in groups A and B were 72.43 ± 20.64 (Figs. 1, 2 ) and 65.93 ± 18.11 (Figs. 3, 4) , respectively, with no difference between the two groups (p = 0.200). In addition, the mean MASI scores in groups A and B were 4.80 ± 1.06 and 4.37 ± 0.93, respectively, with no difference between the groups (p = 0.098). Table 1 illustrates the severity of melasma after treatment. The mean scores for area of involvement were significantly lower in group A than in group B, but the mean scores for degree of pigmentation and homogeneity were not different between the two groups after receiving the ordered drugs. The mean MASI percentage at the end of treatment was 26.60 ± 13.43 in group A (Figs. 5, 6 ) and 23.73 ± 12.84 in group B (Figs. 7, 8) with no difference between the groups (p = 0.402). Moreover, the mean MASI scores in groups A and B were 2.33 ± 0.71 and 2.30 ± 0.65, respectively, with no difference between the groups (p = 0.850). The mean MASI score in both groups significantly decreased after both treatment options compared with baseline assessment (p\0.001). In group A, no side effect was revealed, but 10% of those in group B suffered from drug-related side effects, including erythema and skin irritation (p = 0.131). Regarding the level of patient satisfaction (Fig. 9) , the patients in group A had significantly higher level of satisfaction than those in group B, with high satisfaction level in 33.3% of patients in group A and only in 6.7% in group B (p = 0.015). In wood lamp examination, a positive result was found in 40% of cases in group A and 30% in group B, and the difference between the two groups was no significant (p = 0.464). Multivariate linear regression modeling (Table 2 ) with the presence of age, history of systemic disorder, drug history, and family history of melasma revealed no difference in the mean MASI percentage between the two groups after completing the therapeutic regimens. In a similar regression model (Table 3) , no difference was demonstrated in the mean total MASI between the groups after adjusting baseline variables.
DISCUSSION
According to the pathophysiological basis of melasma, various methods have been introduced to treat this disorder. However, most methods, especially topical noninvasive types, are accompanied by partial therapeutic responses. This study attempted to assess treatment effects of TXA in comparison with hydroquinone in preventing the extension and deterioration of disease symptoms, as well as the level of patient satisfaction. Our results showed similar changes in disease extension and integrity after a 12-week intervention by the two drug regimens. However, a low complication rate in the group receiving TXA could lead to the high patient satisfaction, while the prescription of hydroquinone led to skin irritation Although most studies have focused on the high efficiency of systemic or oral use of TXA, its topical use has not been exclusively assessed. In a study by Kim et al. [12] , the mean score of MASI considerably reduced following the use of topical TXA with a total response rate of 95.6%. Further studies are necessary to determine the mechanisms of TXA in treating melasma. The ultraviolet irradiation exposure is crucial in the pathogenesis of melasma. UV irradiation induces plasminogen activator synthesis and increases plasmin activity in keratinocytes, thereby stimulating the release of arachidonic acid (AA) via phospholipase A2 free AA stimulates melanogenesisvia its metabolite, prostaglandinE2 (Fig. 9) [13] .
The release of AA is increased by plasmin in endothelial cells. Increased plasmin elevates the melanocyte-stimulating hormone which activates melanin synthesis in melaniocytes. Plasmin is also crucial in the reiease of basic fibroblast growth factor (FGF) which is a potent melanocyte growth factor. All these processes increase melanin production in the skin (Fig. 10) . Apart from its effect on melanocytes, plasmin plays an important role in angiogenesis. Plasmin converts extracellular matrix-bound VEGF into freely diffusible forms. TXA, a plasmin inhibitor, suppresses angiogenesis and neovascularization induced by basic fibroblast growth factor [14] . Single chain urokinase plasminogen activator (Se-uPA) in keratinocytes induces a dose-dependent increase in melanocytes tyrosinase activity and cell perimeter area and increased dendrites. Plasmin can significantly increase area and increased dendrites generated by keratinocytes elevate melanocyte activity.TXA prevents UV-induced pigmentation by interfering with the structure of plasminogen to the lysine binding sites of kerationytes. The consequences of such events is a reduction in free AA leading to a decreased ability to produce prostaglandins and a decline in melanocyte tyrosinase activity and melanogenesis [14] . TXA does not influence non-sun-exposed healthy skin. Moreover, action of TXA on angiogensis via plasmin also contributes to melasma. Blocking of the Sc-uPA pathway may be another mechanism through which TXA reduces hyperigmentation [14] . The effectiveness of TXA has been proven in several experimental and in vivo studies. Maeda and Tomitab [15] suggested that TXA inhibits melanin synthesis in melanocytes by interfering with the interaction of melanocytes and keratinocytes through inhibition of the plasminogen plasmin system. Meanwhile, Zhang et al. [16] showed that TXA can inhibit melanogenesis by interfering with the catalytic reaction of tyrosinase. Moreover, TXA is structurally similar to tyrosine which can competitively inhibit tyrosinase activity. 
CONCLUSIONS
In conclusion, topical use of TXA can significantly reduce both melanin level and MASI score. This regimen results in high patient satisfaction because of its high efficiency and low drug side effects.
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